A selective, sensitive gas chromatography-mass spectrometry (GC-MS) method with negative chemical ionization (NCI) was developed for the detection and quantification of clopidol in chicken muscle. Chicken muscle samples were extracted with acetonitrile and concentrated to dryness; the residue was redissolved in ethyl acetate and applied to an Alumina B cartridge for cleanup. The residue was derivatized with Sylon BFT TM and analyzed by GC-NCI-MS. The selected-ion monitoring mode was performed at m/z values of 156, 158, 191, and 193. The differences in the ratios for the standards and spikes in chicken muscle were within the acceptability criteria. All recoveries of the drug from chicken muscle spiked at 0.5, 5.0 and 50.0 μg/kg were 74.5 -95.6% intra-day, and 71.6 -94.8% inter-day, respectively, with relative standard deviations being lower than 15%. The limits of detection and quantitation were 0.1 and 0.5 μg/kg, respectively. The NCI mode had better selectivity and sensitivity than the electron impact (EI) mode for clopidol.
A selective, sensitive gas chromatography-mass spectrometry (GC-MS) method with negative chemical ionization (NCI) was developed for the detection and quantification of clopidol in chicken muscle. Chicken muscle samples were extracted with acetonitrile and concentrated to dryness; the residue was redissolved in ethyl acetate and applied to an Alumina B cartridge for cleanup. The residue was derivatized with Sylon BFT TM and analyzed by GC-NCI-MS. The selected-ion monitoring mode was performed at m/z values of 156, 158, 191, and 193 . The differences in the ratios for the standards and spikes in chicken muscle were within the acceptability criteria. All recoveries of the drug from chicken muscle spiked at 0.5, 5.0 and 50.0 μg/kg were 74.5 -95.6% intra-day, and 71.6 -94.8% inter-day, respectively, with relative standard deviations being lower than 15%. The limits of detection and quantitation were 0.1 and 0.5 μg/kg, respectively. The NCI mode had better selectivity and sensitivity than the electron impact (EI) mode for clopidol. Clopidol (3,5-dichloro-2,6-dimethyl-4-pyridinol) is a veterinary drug additive used worldwide to prevent cocidiosis in chickens. Clopidol was prohibited from being used in poultry for export, and the maximum residue limits (MRL) of clopidol in chicken muscle was regulated to 0.01 mg/kg in People's Republic of China (P. R. China). The prevalent or illegal use of feedstuffs containing clopidol possibly surpassed the limit of clopidol residue in animal food products, especially because some countries lowered the limit of allowed clopidol residues on the basis of food safety. Clopidol residue had commonly been determined by liquid chromatography (LC) with UV detection, [1] [2] [3] [4] which is out of the requirement of MRL; gas chromatography (GC) with electron capture detection, 5, 6 which often leads to the false positives; or LC with mass spectrometry (MS) detection, 7 which is too expensive. We developed a sensitive and good selective GC-electron impact (EI)-MS method for the determination of clopidol in chicken muscle. 8 It is reasonable for detecting clopidol residues by GC-MS in the negative chemical ionization (NCI) mode, according to the structural characteristics of clopidol with two chlorine atoms (high electrophilic nuclei). Therefore, the objective of this study is to develop a specific determination of clopidol residues in chicken muscle by GC-NCI-MS. This proposed method will be an effective complement to the GC-EI-MS method.
experimental

Reagents and chemicals
For the experiment, blank chickens were obtained from the Center of Experimental Animals, College of Veterinary Medicine, South China Agricultural University. The incurred chickens were taken from Standard Co., Guangzhou, P. R. China. The chicken muscle tissue was homogenized and the composite was then stored at -20 C. Clopidol (purity 99%) was purchased from Sigma (St. Louis, USA). Sylon BFT TM {N,O-bis-(trimethylsilyl) trifluoroacetamide [BSTFA] + trimethylchlorosilane [TMCS], 99 + 1} 0.1 mL ampule (Lot: LB10799) was obtained from Supelco (Bellefonte, USA). Acetonitrile, ethyl acetate, methanol, isopropyl alcohol, hexane, and toluene, etc., all from Guangzhou Chemical Reagent Factory, Guangzhou, P. R. China were of analytical grade; 99.999% methane (reagent gas) was purchased from Guangzhou Gas Factory, Guangzhou, P. R. China.
Standard solutions
Stock solution (100 μg/mL): Accurately weighed ca. 10 mg of clopidol into a 100-mL volumetric flask and diluted to volume with methanol. Standard curve solutions of 0, 5.00, 10.0, 50.0, 100 and 500 ng/mL were the concentrations after the standard derivatizations, which were prepared with an adequate working standard solution (diluted the stock solution with acetonitrile), respectively.
Apparatus
A Perkin-Elmer AUTOSYSTEM GC XL system was coupled to a Perkin-Elmer TURBOMASS quadrupole mass spectrometer.
Capillary chromatographic column: HP-5MS (0.25 mm i.d. × 30 m, 0.25 μm film); oven temperature program, 110 C for 1 min, ramping at 30 C/min to 195 C, then 10 C/min to 220 C, then 30 C/min to 280 C with a final hold time of 2 min; inlet temperature, 200 C; carrier gas, He at 1.3 mL/min; injection mode, splitless (0.5 min), inject 2 μL into the GC-MS apparatus. Interface temperature, 280 C; CI source temperature, 230 C; ionization energy, 40 eV; emission current, 800 μA; scan range, 80 -300 amu. Reagent gas (methane), regulated the flow rate of the reagent gas in such a way as to obtain a pressure in the ion source of 2 × 10 -4 Torr. All data for the identification of clopidol were collected in the selected ion monitoring (SIM) mode at m/z values of 156, 158, 191, and 193 at each dwell time of 80 ms; the base peak at m/z 156 was used for quantification. For studying the mass spectra of the trimethylsilyl (TMS) derivative of clopidol in the NCI mode, the mass conditions changed as follows: ionization energy increasing from 20 to 70 eV; emission current varying from 400 to 800 μA; adjusting the flow rate of the reagent gas to obtain a pressure of between 1 × 10 -5 and 5 × 10 -4 Torr. Turbomass 6.1.0 software was employed to control the apparatus as well as data acquiring and analysis. T25 blender (Janke & Kunkel, Staufen, Germany); UNIVERSAL 32R refrigerated centrifuge (Hettich Co., Germany); WERKE RV05-ST rotary evaporator (IKA Co., Germany) were used.
Sample preparation
Extraction. Accurately weighed 5.00 g of the homogenized chicken composite into a 50-mL polypropylene centrifuge tube (screw-capped polypropylene tube).
Added 15 mL of acetonitrile, and homogenized for ca. 30 s with a tissue blender. Then shaken vigorously on a vibrator for 30 min. Centrifuged at 6500 rpm for 15 min, 5 C; decanted through fast filter paper into a 100-mL pear-shaped flask. Repeated extracting with another 10 mL of acetonitrile, combining extracts in a flask, and adding 5 mL of isopropyl alcohol to prevent from foaming. The extract was concentrated to dryness under a vacuum on a rotary evaporator at 50 C, and then the residues were redissolved in 5 mL of ethyl acetate for cleanup. If spiking control chicken muscle, we added 100 μL of the working standard solution of desired concentration (25, 250 or 2500 ng/mL) to 5 g of a blank chicken muscle composite; the three different concentrations of the analyte in chicken tissues had to be 0.50, 5.0 and 50 ng/g, respectively. We let it stand at room temperature for more than 20 min before proceeding. Cleanup. We conditioned Sep-Pak ® Vac 12 cc (2 g) Alumina B cartridge (Lot No. 018435166B, Waters, USA) with 10 mL of hexane, 10 mL of methanol, followed by 10 mL of ethyl acetate. Transferred the supernatant with a Pasteur pipet to the top of a cartridge and rinsed the cartridge with 10 mL of ethyl acetate, 5 mL of ethyl acetate-acetonitrile (1:1, v/v), respectively. We let the cartridge for dry by providing a low positive pressure. We then eluted the cartridge with 10 mL of methanol, and it was noted that the flow of cartridge was controlled at ca. 1 drop/s during the cleanup. Derivatization. We collected the eluate in a 50-mL pear-shaped flask, and evaporated it at ca. 50 C to dryness. In the meantime, for preparing a standard curve (0, 5.00, 10.0, 20.0, 100 and 500 ng/mL), an adequate working standard solution (100 μL) was pipetted into a 10-mL graduated glass tube with a stopper, respectively, and evaporated to dryness at 50 C. The analyte was derivatized with a solution (100 μL of toluene and 100 μL of Sylon BFT) by heating at 80 C for 1 h to produce the TMS derivative of clopidol. We added 300 μL toluene and vortexed it vigorously.
Results and Discussion
Mass spectrometric behavior of clopidol in NCI mode
As far as the molecular structural features of clopidol with two chlorine atoms (high electrophilic nuclei) are concerned, it is probably reasonable to develop a sensitive GC-NCI-MS method for a residual analysis of clopidol. The full-scan mass spectra of the TMS derivative of clopidol in the NCI mode is shown in Fig. 1 ; there were few fragment ions besides the parent fragment 156 (TMS derivative of clopidol loses a Cl atom and TMS group) and mass ion 158 containing the 37 Cl isotope. The mass ions 155 and 157 would be attributed to the Cl and Si atom isotopes. The ions of 191 and 193 (TMS derivative of clopidol loses TMS group) had a very low relative abundance; however, the ratio of the relative abundance of 191 to 193 was about 3:2 (two chlorine atoms). The ratio of the relative abundance of 156 versus 158 was about 3:1 (one chlorine atom). Thus, the four fragment ions (156, 158, 191, and 193) were selected to perform an analysis in the SIM mode. The parent ion 156 was used to quantify clopidol. No matter how the mass conditions (changed ionization voltage from 20 to 70 eV; adjusted the emission current from 400 to 800 μA; or slowly increased the flow of reagent gas) were changed markedly, the mass spectra seemed to be independent of the ionization voltage, the emission current and the concentration of methane in the source. Only the observed parent ion 156 and its isotopes were, and the relative abundance of 191 was very low. There was no information for molecular ion 263, and the mass ion 248, which was a parent fragment (TMS-clopidol derivative loses a methyl group) in the EI mode, 8 was also not observed. Further investigations concerning this direction should be carried out, such as using other chemical ionization agents as methylene chloride, ammonia.
Solid phase extract
Clopidol is a hydrophilic, polar and basic molecule; therefore, the purification of clopidol in tissue extracts was usually used by an Alumina B cartridge. When the extract was dissolved in acetonitrile for cleanup, it was found that the recoveries were not good if the cartridge had Alumina B packing of 2 g instead of 6 g. However, a good recovery was obtained, while redissolving the extracts in ethyl acetate, then a cleanup through Sep-Pak ® Vac 12 cc (2 g) Alumina B cartridge. In the clopidol molecular structure, for having such a donated electron group as the 4-hydroxyl in the pyridine nuclei, thus, clopidol would be an alkaline stronger than pyridine, and would be a positively charged ion in an acidic solution. We thus tried to select a cation exchange mode for cleanup. Supelclean LC-SCX 3 mL (500 mg) cartridge (Lot No. SP3584A, Supelco, USA) and Oasis ® A MCX 3 cc (60 mg) cartridge (Lot No. 003035185A, Waters, USA) were applied to clean up the extracts, respectively. We redissolved the extracts in a 0.03 mol/L hydrochloric acid solution, conditioned the cartridge with a 0.01 -0.1 mol/L hydrochloric acid solution, washed the cartridge with water and methanol, and eluted the analyte with 5% ammonia in methanol. All of the recoveries were lower than 50% for the Oasis ® MCX cartridge, and less 10% for the LC-SCX cartridge. On the other hand, the 4-hydroxyl group in the pyridine nuclei, like the hydroxyl group in phenol, could be ionized in a strong basic solution, thus, clopidol would be a negatively charged ion in basic solution. We thus also tried to select an anion-exchange mode for cleanup. A LC-SAX (Supelco, USA) solid-phase extract cartridge was applied to clean up the extracts. We conditioned a cartridge with a 0.01 -0.1 mol/L sodium hydroxide solution and eluted the analyte with 1% trifluoroacetic acid or 2% hydrochloric acid in a methanol solution; the recoveries were nearly zero.
GC-NCI-MS confirmation
Clopidol was confirmed at three levels (0.5, 5, and 50 μg/kg) using GC-MS. The selected parent ion 156 and the qualifier ions (158, 191, and 193) of TMS-clopidol derivative were monitored. The ratios of mass ions 158 and 156, 191 and 156, 193 and 191 of clopidol residue in chicken muscle tissue compared to standards and spikes, were employed to confirm the presence of clopidol. The results are given in Table 1 . The percent differences in the ratios for the standards and spikes in chicken muscle were within the acceptability criteria. 9 
Selectivity and sensitivity
Because of clopidol having a high electron affinity, NCI should be giving lower detection limits than EI. The experiment showed that negative chemical ionization had better selectivity and sensitivity than EI for clopidol. 8 In the NCI mode, even though the final volume was 0.50 mL, and 2 μL was injected into the column, the selected ion monitoring chromatograms were very clean, and there was an absence of matrix interference peaks that were present in the EI mode. The limit of detection (LOD), defined as the level of clopidol in chicken muscle that produced a signal-to-noise (S/N) ratio of 3, was 0.1 μg/kg, and was 0.5 μg/kg in the EI mode. The limit of quantitation (LOQ), defined as the lower limit of the standard curve, was 0.5 μg/kg, and 1 μg/kg in the EI mode. The lower detection limit should have been available if the less final volume was employed in the NCI mode. Typical chromatograms are shown in Fig. 2 . The SIM chromatograms of blank, spiked and incurred chicken muscle extracts were very simple, and no matrix interference peaks, such as TMS derivatives of fat acids and amino acids, especially, BHT occurred in the EI mode.
Standard calibration curves
The standard curve of clopidol at m/z 156 was linear over the range 5.0 -500 μg/L. The linear regression equation was Area = (97.3 ± 2.7)Conc. + (515.4 ± 62.5), with correlation coefficient of 0.998 (n = 5). The value of 2.7 and 62.5 were standard deviations of slope and intercept, respectively.
Recovery and precision
All recoveries were calculated from the standard curve at m/z 156. Samples for intra-and inter-day assays and for recovery tests were prepared at three different concentrations. Each sample was repeated five times and analyzed one time a day for 3 days. As shown in Table 2 , the average recoveries of the drug from blank chicken muscle spiked at 0.5, 5, and 50 μg/kg were 74.5, 80.2, and 95.6% intra-day assay (n = 5), and 71.6, 79.4, and 94.8% inter-day assay (n = 15), respectively. The relative standard deviations (RSDs) of intra-day assay were between 3.5 and 11%, and of the inter-day assay were between 6.4 and 13%. All of the recoveries and RSDs were within the permissible limits for drug residue in animal tissue. 
Comparison of the results by using the ECD, NCI and EI modes
The incurred chicken muscle samples taken from Standard Co., clopidol in muscle was detected at amounts from 5.4 to 74 μg/kg, and the RSD values were between 4.1 and 8.7%, as given in Table 3 . The analytical results in the NCI mode were compared with that in the EI mode. There were no significant differences between the two ionization modes based on a statistical analysis of a F-test and a t-test (α = 0.05). For validating the reproducibility of the method described above, the samples were also analyzed by the criteria analytical method. 10 The results are also shown in Table 3 ; there were no significant differences between the proposed method and the reference method (GC-ECD) based on a statistical analysis of the F-test and the t-test (α = 0.05). The described GC-MS was more reliable than the GC-ECD, whose procedure was time-consumable and dangerous.
Conclusions
The developed method is useful for an accurate and specific monitor of low clopidol residue in foodstuffs of animal products. The proposed GC-NCI-MS method has better selectivity and sensitivity than the GC-EI-MS method, and the SIM chromatograms are quite clean-cut. 
